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Univers
osting by E
cense.Abstract Coupling of 5-dimethylaminomethylene-3-methyl-2-(pyridine-2-ylimino)-thiazolidin-4-
one (3) with diazotized methyl anthranilate afforded the 3-methyl-5-(2-methoxycarbonylphenylhyd-
razono)-2-pyridine-2-ylimino)thiazolidin-4-one (5). Reaction of 2-(arylamino)thiazol-4-ones 1a,b
with arylidenemalononitriles under microwave irradiation gave 2-substituted amino-5-arylidene-
thiazolin-4-ones 9a–f. Alternatively, compound 9 could also be obtained by reacting compound 1
with aromatic aldehydes. Treatment of compound 9 with acetic acid yielded the corresponding
thiazolin-2,4-diones 10. However, the reaction of 1 with cyanoacetic acid yielded the corresponding
4-cyanoacetyl derivative 12, in good yield. The 1H, 13C NMR spectra of some representative prod-
ucts and X-ray crystal structure determination are discussed.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Functionalized 2-thiazolin-4-ones and their fused ring systems
are an important class of heterocycles owing to their biological
importance (Doran and Shonle, 1938; Troutman and Long,ity.
lsevier1948; Vicini et al., 2006; Chen et al., 2007). Moreover, these
compounds have valuable pharmacological activities such as
antibacterial (Mishra et al., 1996), antifungal (Abdel-Halim
et al., 1994), antimicrobial (Pachhamia and Parikh, 1991; As-
hour et al., 1993; Bapodra et al., 2002), antiviral (Shukle
et al., 1982) and anticonvulsant (Captan et al., 1996). Prompted
by the aforesaid biological and pharmaceutical activities, and
as a part of our continuing studies on environmentally benign
syntheses of some novel heterocycles (Al-Zaydi et al., 2009;
Al-Zaydi, 2009a,b) and the chemistry of 2-thiazolin-4-ones
(Al-Zaydi et al., 2006; Al-Zaydi and Al-Shamary, 2007), herein
we wish to report the present study on the reaction of 2-thiaz-
olin-4-ones with different electrophiles utilizing microwave
irradiation as a green energy source in order to synthesize some
novel 2-thiazolin-4-one derivatives with expected signiﬁcant
92 K.M. Al-Zaydibiological activity. Therefore, it seems to be very interesting to
synthesize new 2-thiazolin-4-ones in high yields by convenient
and green approach from simple laboratory reagents.
2. Experimental
2.1. General
All melting points were measured on a Gallenkamp electro-
thermal melting point apparatus and are uncorrected. IR
absorption spectra were measured on a Nicolet Magna
520FT IR spectrophotometer. 1H NMR and 13C NMR spectra
were recorded in deuterated dimethylsulfoxide (DMSO-d6) on
a Bruker DPX 400 MHz spectrometer using tetramethylsilane
(TMS) as an internal reference, and the results are expressed as
d (ppm) values. Mass spectra were performed on a Shimadzu
GCMS-QP 1000 Ex mass spectrometer at 70 eV. Elemental
analyses were measured by means of a Perkin Elmer 2400
CHN Elemental analyzer ﬂowchart. Microwave irradiation
was carried out using the commercial microwave oven (SGO
1000 W), a thermocouple was used to monitor the temperature
inside the vessel and it was found to be 105–110 C. All the
reactions were carried out in a pressure tube. Elemental anal-
yses were conducted using the Elemental Analyzer XBO, their
results were found to be in good agreement (±0.2%) with the
calculated values. X-ray crystallography was carried out on a
Kappa CCD Enraf Nonius FR 590 diffractometer, National
Research Center, Dokki, Cairo, Egypt. The starting materials
1a,b have been synthesized as described in the literature
(Al-Zaydi et al., 2006; Bhandari et al., 2009).
2.1.1. 2-(Pyridin-2-ylamino)-5-dimethylaminomethylene-3-
methylthiazolidin-4-one (3)
A mixture of compound 1a (0.1 mol) and dimethylformamide
dimethylacetal (DMFDMA) (0.22 mol) was placed in the
microwave oven and irradiated at full power for 2 min. After
cooling to room temperature, the resulting solid was collected
by ﬁltration, dried and recrystallized from xylene. Compound
3 was obtained as orange crystals, yield (91%), m.p. 214 C.
IR: mmax 3050 (CH aromatic), 2913 (CH aliphatic), 1678 cm
1 (C‚O). 1H NMR: d 8.37 (d, 1H, pyridine H-6), 7.70 (dd,
1H, pyridine H-3), 7.48 (s, 1H, oleﬁnic CH), 7.03 (m, 2H,
pyridine H-4 and H-5), 3.69 (s, 3H, Me–N), 3.18 (s, 6H,
2 CH3–N).
13C NMR: d 27.2, 38.2, 103.1, 112.5, 121.9,
133.1, 139.2, 145.1, 152.0, 157.3, 167.0. MS: m/z 262 (M+,
19%). Anal. Calcd. for C12H14N4OS: C, 54.94; H, 5.38; N,
21.36. Found: C, 54.68; H, 5.52; N, 21.53%.
2.1.2. Methyl 2-(2-[3-methyl-4-oxo-2-(pyridin-2-
ylimino)thiazolidin-5-ylidene]hydrazinyl)-benzoate (5) (Al-
Zaydi et al., 2000, 2003; Al-Zaydi, 2002)
A cold solution of diazotized methyl anthranilate (0.1 mol)
was prepared by adding a solution of sodium nitrite (1.5 g in
10 mL H2O) to a cold solution of methyl anthranilate
(0.1 mol) in con. HCl (5 mL) with stirring. The resulting solu-
tion of the diazonium salt was then added to a cold solution of
3 in EtOH (50 mL) containing sodium acetate (0.1 mol). The
mixture was stirred at room temperature for 1 h and then
the solid product so formed was collected by ﬁltration, washed
well with water, dried and recrystallized from ethanol. Com-
pound 5 was obtained as orange crystals, yield (74%), m.p.223 C. IR: mmax 3200 (NH), 3050 (CH aromatic), 2913 (CH
aliphatic) 1690 cm1 (C‚O). 1H NMR: d 13.75 (s, 1H, NH),
8.47 (d, 1H, pyridine H-6), 7.40 (dd, 1H, pyridine H-3), 7.28
(m, 4H, Ar–H), 7.04 (m, 2H, pyridine H-4 and H-5), 3.88 (s,
3H, OMe), 3.18 (s, 3H, CH3–N).
13C NMR: d 25.4 (N–
CH3), 52.4 (CO2CH3), 118.0 (pyridine C-3), 118.8 (pyridine
C-5), 138.7 (pyridine C-4), 144.1 (pyridine C-6), 147.1 (pyri-
dine C-2), 156.6 (thiazole C-5), 159.6 (thiazole C-2), 116.13,
120.77, 123.43, 131.34, 134.32, 135.38 (C6H4–CO2Me–o),
167.4 (CO2CH3), 172 (C‚O). MS [EI, 70 eV]: m/z= [M
+]
(369). Anal. Calcd. for C17H15N5O3S: C, 55.27; H, 4.09; N,
18.96. Found: C, 55.45; H, 4.15; N, 19.01%.
2.1.3. General procedure for the synthesis of 5-arylidene-2-
substituted amino-thiazolidin-4-ones 9a-d
2.1.3.1. Method A. A suspension of arylidenemalononitriles
6a,b (0.1 mol) in glacial acetic acid (30 mL) was heated to re-
ﬂux for 3 h. The excess of solvent was removed under reduced
pressure. Then, the precipitated solid product was collected by
ﬁltration and dried.
2.1.3.2. Method B. To a mixture of 1a,b (0.1 mol) and aromatic
aldehydes (0.1 mol) in glacial acetic acid (30 mL), sodium ace-
tate (0.1 mol) was added. Then, the reaction mixture was heated
to reﬂux for 3 h. The excess of solvent was removed under re-
duced pressure and the resulting solid product was collected
by ﬁltration, dried and recrystallized from the proper solvent.
2.1.4. 5-Benzylidene-2-(pyridin-2-ylamino)thiazoline-4-one
(9a)
Compound 9a was obtained as yellow crystals from dioxane;
m.p. 280 C; yield (48%) IR: mmax 3404 (NH), 3036 (CH aro-
matic), 1605 cm1 (C‚O). 1H NMR (400 MHz DMSO-d6):
12.2 (s, 1H, NH), 8.53 (d, 1H, pyridine H-6), 7.85 (dd, 1H, pyr-
idine H-3), 7.20 (m, 2H, pyridine H-4, H-5) and 7.45–7.68 ppm
(m, 6H, Ar–H and oleﬁnic CH). 13C NMR: d 111.6, 114.3,
120.2, 126.0, 126.0, 127.8, 127.9, 133.2, 136.1, 145.2, 148.9,
154.0, 158.2, 168.0. MS [EI, 70 eV]: m/z= [M+] (281); Anal.
Calcd. for C15H11N3OS: C, 64.04; H, 3.94; N, 14.94. Found:
C, 64.23; H, 3.75; N, 14.73.
2.1.5. 5-(4-Nitrobenzylidene)-2-(pyridin-2-ylamino)thiazoline-
4-one (9b)
Compound 9b was obtained as dark orange crystals from
DMF; m.p. >300 C; yield (69%). IR: mmax 3359 (NH), 3040
(CH aromatic), 1715 cm1 (C‚O). 1H NMR: 12.50 (s, 1H,
NH), 8.55–7.73 (m, 8H, Ar–H and pyridinic-H), 7.22 (s, 1H,
oleﬁnic CH). 13C NMR: d 103.2, 115.0, 119.1, 126.9, 133.3,
137.1, 142.0, 147.9, 148.54, 156.2, 158.8, 172.2, 179.15. MS
[EI, 70 eV]: m/z= [M+] (326). Anal. Calcd. for C15H10N4O3S:
C, 55.21; H, 3.09; N, 17.17. Found: C, 55.03; H, 3.25; N, 17.39.
2.1.6. 5-Benzylidine-2-(5-phenyl-1H-pyrazol-3-
ylamino)thiazoline-4-one (9c)
Compound 9c was obtained as yellow crystals from EtOH;
m.p. 265–267 C; yield (67%). IR: mmax 3404, 3286 (NH),
3099, 3021 (CH aromatic), 1705 cm1 (C‚O). 1H NMR:
13.2 (s, 1H, NH), 12.2 (s, 1H, NH pyrazol), 7.78 (s, 1H, oleﬁnic
CH), 7.65–7.34 (m, 10H, Ar–H), 6.62 (s, 1H, pyrazole H-4).
13C NMR: d 90.5, 123.2, 123.9, 126.6, 127.1, 127.8, 128.1,
128.8, 131.0, 134.9, 136.6, 151.1, 153.6, 159.2, 160.1, 178.2.
MS [EI, 70 eV]: m/z= [M+] (346); Anal. Calcd. for
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4.24; N, 16.29.
2.1.7. 5-(4-Nitro-benzylidene)-2-(5-phenyl-1H-pyrazol-3-
ylamino)-thiazoline-4-one (9d)
Compound 9d was obtained as yellow crystals from MeOH;
m.p. 262–264 C; yield (59%); IR: mmax 3401, 3246 (NH),
3099, 3021 (CH aromatic), 1717 cm1 (C‚O). 1H NMR:
13.2 (s, 1H, NH), 12.2 (s, 1H, pyrazole NH), 7.78–7.35 (m,
10H, Ar–H and oleﬁnic H), 6.61 (s, 1H, pyrazole H-4). 13C
NMR: d 90.2, 124.0, 127.0, 127.9, 128.0, 128.5, 128.9, 132.8,
135.5, 136.6, 148.1, 152.8, 153.9, 159.0, 160.8, 177.0. MS [EI,
70 eV]: m/z= [M+] (391); Anal. Calcd. for C19H13N5O3S: C,
58.30; H, 3.35; N, 17.89. Found: C, 58.19; H, 4.56; N, 17.69.
2.1.8. General procedure for the synthesis of 5-
arylidenethiazolidin-2,4-dione 10a,b
A solution of compounds 9a,b (1 g) in glacial acetic acid
(30 mL) containing HCl (3 mL) was heated to reﬂux for 2 h.
The excess of solvent was removed under reduced pressure.
Then, the precipitated solid product was collected by ﬁltration,
washed well with water, dried and recrystallized from ethanol.
2.1.9. 5-Benzylidene-thiazolidine-2,4-dione (10a)
Compound 10a was obtained as yellowish crystals from EtOH;
m.p. 246–248 C; yield (40%); IR: mmax 3393 (NH), 3094, 3035
(CH aromatic), 1698, 1645 cm1 (C‚O). 1H NMR: 12.64 (s,
1H, NH), 7.78 (s, 1H, oleﬁnic H), 7.62–7.45 (m, 5H, Ar–H).
13C NMR: 124.1 (phenyl carbons), 129.9 (oleﬁnic C), 130.6
(C-5), 131.0, 132.3, 133.6, 167.9 (C-2), 168.4 (C-4), MS [EI,
70 eV]: m/z= [M+] (205); Anal. Calcd. for C10H7NO2S: C,
58.52; H, 3.44; N, 6.82. Found: C, 58.40; H, 3.65; N, 6.97.
2.1.10. 5-(4-Nitro-benzylidene)-thiazolidine-2,4-dione (10b)
Compound 10b was obtained as orange crystals from EtOH;
m.p 273 C; yield (60%) IR: mmax 3427 (NH), 3094 (CH aro-
matic), 1721, 1668 cm1 (C‚O). 1H NMR: 12.79 (s, 1H,
NH), 8.31 (d, 2H, J= 8 Hz, Ar–H), 7.86 (s, 1H, oleﬁnic H),
7.81 (d, 2H, J= 8 Hz, Ar–H). 13C NMR (DMSO-d6): 124.7
(phenyl carbons), 128.3 (C-5), 129.6, 131.4, 139.7, 147.8,
167.3 (C-4), 167.7 (C-2). MS [EI, 70 eV]: m/z= [M+] (250);N S
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SchemeAnal. Calcd. for C10H6N2O4S: C, 48.00; H, 2.42; N, 11.19.
Found: C, 48.28; H, 2.23; N, 11.05.
2.1.11. Synthesis of (12) 3-oxo-3-(4-oxo-2-(pyridin-2-
ylamino)-4,5-dihydrothiazol-5-yl)propane-nitrile
2.1.11.1. Method A. A solution of cyanoacetic acid (0.1 mol) in
acetic anhydride (20 mL) was heated to reﬂux for 30 s. Com-
pound 1a or 1b (0.1 mol) was added to the reaction mixture
and then it was heated at 80 C (water bath) for 5 min. After
cooling to room temperature, the reaction mixture was poured
into ice-cold water. The solid product so formed was ﬁltered
off and dried.
2.1.11.2. Method B (MW). A mixture of cyanoacetic acid
(0.1 mol) and acetic anhydride (1 mL) was placed in the micro-
wave oven and irradiated at 100 W for 30 s. Then, compound
1a or 1b (0.1 mol) was added to the reaction mixture which was
irradiated at 460 W for 1 min. After cooling to room tempera-
ture, the reaction mixture was poured into ice-cold water. The
solid product so formed was ﬁltered off, dried and recrystal-
lized from ethanol.
Compound 12 was obtained as orange crystals from EtOH;
m.p. 266 C; [(Method I 60%); Method II 95%)]; IR: mmax
3320 (NH), 3090 (CH aromatic), 2966 (CH aliphatic), 2222
(CN), 1685, 1668 cm1 (C‚O). 1H NMR (400 MHz,
DMSO-d6): 12.11 (s, 1H, NH), 7.96–7.32 (m, 4H, pyridinyl
H), 4.05 (s, 1H, CH at C-5), 3.57 (s, 2H, CH2).
13C NMR
(DMSO-d6): d 181.2, 174.9 (2 C‚O), 166.7 (thiazolone C-2),
169.4, 151.4, 133.7, 126.9, 122.8 (pyridine carbons), 116.1
(CN), 62.7 (CH), 36.1 (CH2). MS [EI, 70 eV]: m/z = [M
+]
(260). Anal. Calcd. for C11H8N4O2S: C, 50.76; H, 3.10; N,
21.53. Found: C, 50.66; H, 2.98; N, 21.59.3. Results and discussion
Condensing 2-thiazolin-4-ones 1a with dimethylformamide
dimethylacetal (DMFDMA) under microwave irradiation for
2 min afforded 2-(pyridin-2-ylamino)-5-dimethylaminomethyl-
ene-3-methylthiazolidin-4-one (3), as the only reaction prod-
uct, in excellent yield. The structure of 3 was conﬁrmed byN S
N
O NMe2
N
Me
2
-DMF
N
SN
O
NMe2
N
3
Me
(91%)
N2Cl
CO2Me
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94 K.M. Al-Zaydiits IR, NMR and correct elemental analysis as well as by mass
spectrum. Thus, the IR spectrum of 3 revealed the absence of
NH group. The 1H NMR gave strong evidence for the forma-
tion of 3 which displayed the disappearance of the methylene
and amino groups signals presented in the spectrum of 1a
and the presence of three singlets at 3.18, 3.69 and 7.48 ppm
attributable to two methyl groups at C-5 and C-3 as well as
to methine proton (CH‚C) at C-5, respectively. In addition,
signals of pyridinyl protons were observed in their expected
positions. Additionally, its structure was fully supported by
13C NMR, which was compatible with the assigned structure.
Furthermore, the mass spectrum of 3 has molecular ion m/z
262 (M+, 19), conﬁrming its presumed structure. Analytical
data are in accordance with the proposed structure for com-
pound 3. The formation of compound 3 is assumed to takeFigure 1 Molecular structure of 5 with atoms labeling scheme.
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Schemeplace via the intermolecular condensation of DMFDMA with
compound 1a, in its enolic form, followed by elimination of
3 molecules of methanol to give acyclic intermediate 2 (see
Scheme 1), which undergoes intramolecular rearrangement
and carbon-oxygen ﬁssion to yield the ﬁnal product 3 and
N,N-dimethylformamide. Then, compound 2 coupled readily
with diazotized methyl anthranilate to yield 5, most likely,
via Japp-Kilngmann cleavage of the intermediate 4 (Scheme
1) (Al-Zaydi et al., 2003; Bhandari et al., 2009). X-ray crystal
structure of compound 5 indicated that it exists solely, at least
in solid state, in syn-hydrazone (See Fig. 1) (see Crystallo-
graphic data).
Attention was next turned to investigate the reactivity of 1
with arylidenemalononitriles with a view of synthesizing a new
fused heterocyclic ring system containing thiazolidine moiety.
We envisaged that the reaction of 1 with arylidenemalononitr-
iles might afford the biologically interesting fused pyranothiaz-
oles 8 (Eldin, 1999). However, the reaction of 1a,b with
arylidenemalononitriles 6a,b did not give the expected fused
pyranothiazoles 8, instead the interesting 5-arylidene-2-substi-
tutedamino-thiazolidin-4-ones 9a–d were formed as evidenced
from spectral data and elemental analyses (see Section 2). To
obtain unequivocal evidence for the structure of compounds
9a–d, they were alternatively synthesized by condensation of
1 with aromatic aldehydes (Scheme 2). The mechanism of
the formation of 9 from the reaction of 1 with 6 is assumed
to proceed via the addition of the C-5 position of the thiazol-
idine ring to the activated double bond in 6 to give the interme-
diate 7. This adduct undergoes an internal proton shift and
carbon–carbon ﬁssion to give the ﬁnal product 9 and malono-
nitrile (see Scheme 2). Reﬂuxing compounds 9a,b in acetic acid
for 2 h gave the corresponding 5-arylidenethiazolidin-2,4-di-
ones 10a,b, which were formed via the nucleophilic substitu-
tion of the amino group at thiazolidine C-2 in 9 with
hydroxyl group, in moderate yields (Scheme 2). Their struc-
tures were established on the basis of elemental analyses andN
S
O NH2
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Ar
-NH2R
HN S
O
O Ar
R Ar
8
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9
a           2-pyridyl                   Ph
b           2-pyridyl                       C6H4NO2-p
c           5-phenyl-1H-3-pyrazolyl           Ph
d           5-phenyl-1H-3-pyrazolyl          C6H4NO2-p
AcOH / HCl
in case of 9a,b
2
NSNH
O
N
1a
CN
CO2H
11
N
SNH
O
12
H2O
N CN
O
N
S
N
H
N
O NH2
O
Scheme 3
A study of the reaction of 2-thiazolin-4-ones with some electrophiles 95spectral data (IR, 1H NMR, 13C NMR and MS) (see Section
2).
The reaction of compound 1a with cyanoacetic acid either
by heating with microwave or by conventional heating
did not afford the desired pyranothiazoles 11, but rather
afforded the new 3-oxo-3-(4-oxo-2-(pyridin-2-ylamino)-4,5-di-
hydrothiazol-5-yl)propanenitrile (12) (Scheme 3). The struc-
ture of 12 is supported by analytical and spectroscopic data.
Thus, the IR spectrum of 12 revealed the presence of absorp-
tion bands at 3320, 2222, 1685 and 1668 cm1 attributed to
the NH, CN and carbonyl groups, respectively. The 1H
NMR spectrum of compound 12 showed two signals at
d= 12.11 and 4.05 ppm as singlets due to the NH and methine
proton, respectively. The signal attributable to the methylene
protons (COCH2CN), at C-5 in the thiazolidinone ring, is
found at d= 3.57 ppm as singlet, besides the signals of pyrid-
inyl protons. Additionally, its structure was fully supported by
13C NMR, which was compatible with the assigned structure.
Furthermore, its mass spectrum and analytical data are in
accordance with the proposed structure for compound 12
(see Section 2).
4. Conclusions
We described in this context a green methodology for the syn-
thesis of new derivatives of 2-thiazolin-4-one, utilizing for the
ﬁrst time microwave irradiation as eco-friendly energy source.
Microwave-assisted process, in contrast to conventional heat-
ing, gave the desired products in higher yields with shorter
reaction times.
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